Organogenesis is an important process for plant regeneration by tissue or cell mass differentiation to regenerate a complete plant. MicroRNAs (miRNAs) play an essential role in regulating plant development by mediating target genes at transcriptional and post-transcriptional levels, but the diversity of miRNAs and their potential roles in organogenesis of Acacia crassicarpa have rarely been investigated. In this study, approximately 10 million sequence reads were obtained from a small RNA library, from which 189 conserved miRNAs from 57 miRNA families, and 7 novel miRNAs from 5 families, were identified from A. crassicarpa organogenetic tissues. Target prediction for these miRNAs yielded 237 potentially unique genes, of which 207 received target Gene Ontology annotations. On the basis of a bioinformatic analysis, one novel and 13 conserved miRNAs were selected to investigate their possible roles in A. crassicarpa organogenesis by qRT-PCR. The stagespecific expression patterns of the miRNAs provided information on their possible regulatory functions, including shoot bud formation, modulated function after transfer of the culture to light, and regulatory roles during induction of organogenesis. This study is the first to investigate miRNAs associated with A. crassicarpa organogenesis. The results provide a foundation for further characterization of miRNA expression profiles and roles in the regulation of diverse physiological pathways during adventitious shoot organogenesis of A. crassicarpa.
Introduction
With the characteristics of rapid growth, high pulp yield, high fiber quality and ability to thrive in degraded soils [1] , Acacia crassicarpa has become an important economic species of the Fabaceae family, and has been planted for reforestation, reclamation of wasteland, and industrial material production on a large scale in Southeast Asia [2] [3] . However, its recalcitrance of regeneration, long life cycle, and the prolonged period needed for evaluation of traits at maturity strongly limit traditional breeding programs for the species. Development of an effective propagation strategy is required urgently.
Plant organogenesis in vitro is an efficient technique for largescale propagation and popularization of selected genotypes. The technology has been extensively applied in plant genetic engineering, double haploid or polyploid breeding, and asexual reproduction of mutants or threatened species [4] [5] , for example. However, it shows strong species dependence and genotype specificity. For example, Arabidopsis thaliana and Nicotiana tabacum are easily induced to generate adventitious shoots or roots [6] [7] , whereas some plant species are recalcitrant to plant regeneration in vitro, such as Triticum aestivum, Zea mays, and Gossypium spp [8] . The regeneration frequency of leguminous trees may be quite poor in natural habitats [9] . Therefore, a thorough understanding of the molecular mechanisms and gene regulatory networks involved in organogenesis of leguminous trees is essential in order to achieve improved in vitro plant regeneration and genetic transformation frequencies. Although important results have been obtained regarding the hormonal regulation of organogenesis and organrelated expression of genes and proteins in leguminous trees, few studies have focused on identification and expression of microRNAs (miRNAs) during organogenesis.
MiRNAs are small endogenous non-coding RNA usually associated with gene silencing by guiding cleavage of complementary mRNAs or suppression of translation [10] . The importance of miRNAs has been realized owing to their wide occurrence in all kinds of organisms and their important biological function in regulation of gene expression [11] [12] . Increasing evidence shows that the length of 20-24 nt miRNAs plays a crucial role in developmental and physiological processes, including developmental timing, tissue-specific development, and stem cell maintenance and differentiation [13] [14] . Plant organogenesis and somatic embryogenesis are the most important strategies for in vitro plant regeneration [15] . During the last decade, several reports have demonstrated the crucial roles played by miRNAs during somatic embryogenesis. Thus, miRNA-mediated modulation of somatic embryogenesisis is closely associated with the plant regeneration process [16] [17] . Plant organogenesis, which is also strongly associated with cell differentiation, undoubtedly is affected by miRNA repression. However, few correlative studies of miRNA function in the plant organogenesis process have been reported, especially with regard to miRNA of A. crassicarpa.
In order to study the regulatory role of miRNAs in organogenesis of A. crassicarpa, high-throughput sequencing technology ntegrated with bioinformatic analysis was employed to identify conserved and novel miRNAs involved in adventitious shoot organogenesis of A. crassicarpa, followed by prediction of A. crassicarpa miRNA targets and functions. The expression patterns of one novel and 13 conserved miRNAs during the six developmental stages of A. crassicarpa organogenesis were comparatively analyzed. This study is the first report focused on the modulatory roles of miRNAs during adventitious shoot organogenesis in A. crassicarpa.
Materials and Methods

Plant Materials
The experimental materials were obtained at different developmental stages of an adventitious bud regeneration system induced from mature zygotic embryos of A. crassicarpa, as described by Yao et al. [18] (Figure 1 ). Based on morphological and anatomical traits, six developmental stages during shoot regeneration were defined and sampled. Generation of embryogenic callus ( Figure 1 , S1-S3) was induced in the dark and differentiation of shoot buds ( Figure 1 , S4-S6) occurred under light. All samples were frozen immediately in liquid nitrogen and stored at 280uC.
Extraction of Total RNA, Construction of sRNA Library and Solexa Sequencing
Total RNA at the six developmental stages was extracted using the mirVana TM miRNA Isolation Kit (Ambion, Austin, TX, USA) in accordance with the manufacturer's instructions. The quality of the isolated total RNA was assessed by analysis with a NanoDrop ND-2000 spectrophotometer (NanoDrop, Wilmington, DE, USA). The integrity of the total RNA was monitored with a Bioanalyzer 2100 and RNA 6000 Nano LabChip Kit (Agilent, Palo Alto, CA, USA). The RNA integrity number was higher than 6.0, therefore the isolated total RNA was suitable for library preparation. Equal amounts of total RNA at each developmental stage were pooled. About 30 mg of total RNA was used for library construction and sequencing. A small RNA library was generated using the Illumina TruSeq Small RNA Sample Prep Kit (Illumina, Hayward, CA, USA) in accordance with the manufacturer's instructions. The purified small RNA fractions between 10 and 40 nt were ligated with proprietary 59 and 39 adaptors separately, and then converted to cDNA by RT-PCR. The purified cDNA library was used for cluster generation on an Illumina Cluster Station and then sequenced with an Illumina GAIIx platform following the manufacturer's instructions.
Bioinformatic Analysis of Sequencing Data
Raw sequencing reads were obtained using Sequencing Control Studio version 2.8 software (Illumina) following real-time sequencing image analysis. The extracted sequencing reads were first processed with a proprietary pipeline script, ACGT101-miR v4.2 (LC Sciences, Houston, TX, USA), for removal of 'impurity' and unmappable sequences resulting from sample preparation, sequencing chemistry and processes, and the optical digital resolution of the sequencer detector. The processed raw data have been uploaded to Short Read Archive of NCBI with the accession number of SRX469994. The remaining sequences with lengths of 15 to 30 nt were mapped to precursor miRNAs (premiRNAs) sequences of all plants in miRBase 19.0, for all mature Figure 1 . Morphology of different stages during plant organogenesis in Acacia crassicarpa. S1: Zygotic embryo, excised from the mature seeds. S2: Zygotic embryo differentiated, after two weeks subculture. S3: Embryogenic callus, after three weeks subculture. S4: Shoot buds, after four weeks subculture. S5: Clusters of adventitious shoots, after 5 weeks subculture. S6: Adventitious shoot elongation. S1-S4 were cultured on MS medium containing 4.54 mM TDZ and 2.85 mM IAA, observed using an Leica stereomicroscope. S5-S6 were cultured on MS medium supplemented with 2.89 mM GA 3 
Prediction of Potential Target mRNAs
Target prediction for the miRNAs was based on the principle of nearly perfect complementation between the miRNA and target mRNAs [19] . The identified conserved and putative novel miRNAs were all submitted for target gene prediction using TargetFinder (http://hercules.tigem.it/TargetFinder.html) with the default parameters, using the algorithm described by Quandt et al [20] . The target genes were then validated using public resources of The Arabidopsis Information Resource (TAIR; http://arabidopsis.org/). Sequences with a score of less than 4 were regarded as miRNA target genes. On the basis of their functions putative targets were classified using Gene Ontology (GO) annotations. All GO annotations were obtained from the TAIR database, and most (about 87%) of the targets were annotated. Given that many targets have more than one GO hit, the number of total hits can be higher than the total number of targets.
Quantitative Real-time PCR
Small RNAs of A. crassicarpa at the six organogenesis stages were isolated using micro RNA Extraction Kit (BioTeKe, Beijing, China) following the manufacturer's instructions. With minor modifications, poly (A)-tailed quantitative real time PCR (qRT-PCR) was chosen for experimental identification. miRNA qRT-PCR was carried out using the NCode TM VILO TM miRNA cDNA Synthesis Kit (Invitrogen, Carlsbad, USA) and SYBR Premix Ex Taq TM (Invitrogen, Carlsbad, USA) with the small RNAs as the template. Investigated miRNA was amplified using forward primers that were designed based on mature miRNA sequences (Table 1 ) and reverse primers provided with the kit. The qRT-PCR amplification protocol was as follows: initial activation at 94uC for 2 min, followed by 40 cycles consisting of 94uC for 20 s and 60uC for 34 s. To verify the absence of contamination, negative controls (no cDNA template) were carried out. The experiments were performed for five technique replicates and three biological replicates. The data were calculated using the 2 2DDCT method [21] . 5.8S rRNA cloned from A. crassicarpa was selected as the reference gene for normalization.
Statistical Analysis
The statistical analysis was performed using one-way Betweengroups Linkage with SPSS 18.0 (SPSS Taiwan Corp., Taiwan).
Results
Small RNA Sequence Profile
A small RNA library was constructed using pooled RNAs isolated at six developmental stages of adventitious shoot regeneration, and sequenced using Solexa high-throughput technology in a single lane. More than 10 million raw reads were yielded, which were filtered for adaptors and junk contaminants. After removal of redundant sequences we obtained 980,584 unique sequences ranging from 15 to 30 nt in length, of which the majority was 19-26 nt long. A major peak in the abundance of mapped small RNAs was observed at 24 nt, which accounted for 55.3% of the sequences (Figure 2 ). Those sequences were perfectly mapped to pre-miRNAs of miRBase 19.0 and selected species genomes including Arabidopsis thaliana, Populus trichocarpa and soybean or Acacia mangium ESTs. The generated sequence was deemed a ''mappable sequence''. The unmappable reads were further searched against noncoding RNAs (rRNA, tRNA, snRNA, and snoRNA) deposited in the Rfam and Repbase databases and comprised only a small fraction (4.59%) of the counts of all sequences, and were removed to avoid influencing miRNA identification (Table 2) . Finally, 2,602,396 cleaned sequences representing 729,967 unique reads were used for subsequent analysis.
Conserved miRNA Families and Isoforms
To identify conserved miRNAs in A. crassicarpa, we selected the 18-25 nt mappable small RNAs for further analysis by observation of miRNA length in miRBase. From a series of BLAST searches against miRBase 19.0 and Arabidopsis thaliana, Populus trichocarpa and soybean genomes or Acacia mangium or ESTs, we obtained 189 conserved unique sequences from 57 miRNA families allowing for sequence mismatches of not more than two nucleotides (Table 3) . Among these sequences, the bulk of the miRNA families were conserved as we found orthologues of known miRNAs from all other plant species, such as miR156, miR166, miR167 and miR396, whereas some miRNA families were less conserved and were present only in some of the plant species, such as miR170 (conserved in Arabidopsis only), miR6478 and miR1448 (weakly conserved in Populus trichocarpa). Eight miRNA families were species-specific to the leguminous model plant soybean or Medicago truncatula, comprising miR2118, miR4415, miR5368, miR4995, miR5281, miR2592, miR5740, and miR5256.
The majority of conserved miRNA families contained members that differed in no more than two nucleotides, which are regarded as miRNA isoforms [22] . Interestingly, the number of isoforms in differently conserved miRNA families varied considerably. Four families (miR156, miR166, miR167, and miR396) contained the highest number of multiple isoforms with 13, 11, 10, and 10 members, respectively. Eighteen miRNA families (e.g., miR165, miR170, miR393, miR399, and miR1511) contained only one member.
The abundance of known miRNA families was also monitored. Interestingly, a notable divergence in expression frequency among miRNAs during shoot regeneration was observed. For example, miR159, miR166, and miR396 were detected most frequently with the counts of 15,425, 11,560, and 15,290, respectively; miR156, miR157, and miR319 showed moderate abundance with counts of 4355, 3566, and 4020, respectively; and miRNAs such as miR2592, miR5256, miR5740, and miR6485 showed low abundance (Table 3) .
Putative Novel miRNAs
The sequences unmapped to the pre-miRNAs in miRBase 19.0 were chosen to identify putative novel miRNAs. The following criteria were applied: (1) the unique sequences were mapped to the selected species genomes; (2) the extended sequence at the mapped genome location had the propensity to form a hairpin. Taken together, a total of 7 novel miRNA candidates from 5 families were obtained with a minimal folding free energy index (MFEI) for the hairpin structure of the miRNA precursor of less than 0.7 (Table 4 ). These miRNA candidates commonly displayed a strong bias toward a 59 U at the first nucleotide position ( Figure 3 ) and stem-loop structure precursors (Figure 4 ), which was consistent with conserved miRNAs [23] . Some previous studies reported that a standard for discrimination between highconfidence microRNAs and fragments of other RNAs in deep sequencing data was the detection of miRNA* sequences [23] . Among the miRNA candidates in the present study, four novel miRNAs were identified with their complementary miRNA* belonging to two miRNA families, which implied that these putative miRNAs were most likely novel to A. crassicarpa, and several potentially novel miRNAs might be specific to A. crassicarpa or Fabaceae species. Of these potentially novel miRNAs, the copy number of several miRNA*s was low. This feature is consistent with miRNA* degradation during the miRNA generation procedure [24] , so counts of miRNA*s were not included in the most recent criteria for annotation of plant miRNAs. In the present study, acr-novel2* showed higher counts than the corresponding novel miRNAs. This finding was in accordance with the recent discovery by Zhang et al. [25] that miRNA* sequences are abundantly expressed. 
Putative Target Prediction for Conserved and Novel miRNAs
Putative targets of identified conserved and novel miRNAs were predicted by BLAST using mRNA sequences from A. thaliana [22] using TargetFinder. On the basis of completely complementarity between the miRNA and target mRNA [26] , we screened 237 genes for feasible targets with a total score not higher than 3 (Table 5 ). Among the targets predicted, the most frequent were transcription factors, including a SBP transcription factor, MYB transcription factor, NAC transcription factor and GRF transcription factor, and other putative target genes involved in a range of physiological or metabolic processes, for example functional proteins such as protein kinases, laccase, and protein phosphatase. Many reports have demonstrated that target genes of conserved miRNAs are consistent among the majority of plant species [27] , and this was the case in the present study. Putative target genes of miR156/157 mainly encoded a SBP transcription factor family protein and SQUAMOSA promoter binding protein (SPL), which are involved in leaf and flower development. The miR160 target mRNA was annotated with an auxin response factor (ARF), which might be associated with auxin response during plant organogenesis [28] . These results provide valuable information for the further research. To describe the gene functions, we classified the potential targets into three categories based on TAIR GO annotations: molecular functions, biological processes and cellular components. For the molecular function category, genes were assigned to eight subcategories ( Figure 5A ). The GO terms binding (35.06%), enzyme regulator activity (22.87%), and transcription factor activity (14.33%) were the most frequent, and especially RNA polymerase II transcription cofactor activity, which belonged to the transcription factor activity subcategory, is important for miRNA regulation [29] . Biological processes, which included 11 subcategories ( Figure 5B ), most frequently included GO terms involved in developmental processes (14.87%) and regulation of transcription (11.21%). Five subcategories of cellular components were identified ( Figure 5C ), of which the most frequent were nucleus (20.64%) and membrane (12.22%). Thus, the high frequency of GO terms associated with developmental processes indicated that many of the miRNAs identified in this study were involved in A. crassicarpa organogenesis by regulating molecular functions, biological processes and cellular components.
Expression Patterns of miRNAs During Organogenesis
To further investigate the role of miRNAs during A. crassicarpa organogenesis, 14 miRNAs of known function or high expression counts (one novel and 13 conserved [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] ) (Table 6) were selected for analysis by qRT-PCR [44] , which is a reliable method to detect and measure the expression levels of miRNAs in various tissues. The relative quantitative results demonstrated that all selected miRNAs were expressed in different organogenetic tissues and with entirely different expression profiles. On the basis of abundance trends at the six developmental stages, the 14 miRNAs were divided into four clusters through multivariate statistical analysis using general cluster analysis procedure of SPSS Statistics 18.0 ( Figure 6 ). The first cluster, comprising acr-miR159a, acr-miR319a, acrmiR162, acr-miR171q, acr-miR390a, and acr-miR396, exhibited similar expression patterns and showed a low expression level compared with the other three groups. These miRNAs were barely accumulated during stages S1 and S2 and were induced at stages S3 and S4 when the peak expression level was observed ( Figure 7A-F) , which implied that their accumulation may be required for embryogenic callus formation. The second cluster, consisting of acr-miR164a, acr-miR167a, and acr-miR168a, showed a stage-specific expression pattern. The expression level peaked during S4 but at the other stages expression was less abundant or undetectable ( Figure 7G-I) . The cultures were transferred to light at the S4 stage, which suggested these miRNAs might have an important relationship with light. In the third cluster, acr-miR156, acr-miR166, and acr-novel2* were expressed at varied levels in the different stages. Their major peak in expression was observed at S3, whereas expression at the other stages was relatively lower (Figure 7J-L) . The striking differences in expression inferred their function is exerted in different developmental stages. The remaining two miRNAs (acr-miR397 and acr-miR398) showed relatively high expression levels in most of the detected tissues, especially acr-miR397. In this group, the miRNAs expression level rose continuously during the successive developmental stages except at S4, and accumulated in S3 and reached their highest levels in the adventitious shoots at S6 ( Figure 7M-N) , which suggested these miRNAs play a major regulatory role in morphogenesis during advanced differentiation of A. crassicarpa adventitious shoots.
The above results concluded that the different miRNAs were indicated to have functions at different developmental stages during A. crassicarpa organogenesis.
Discussion
In vitro organogenesis refers to the process involving regeneration of adventitious shoots, adventitious roots or other organs from plant tissue or cell aggregates (callus), which is an important aspect of plant development [45] . Many genes involved in the regulation of organogenesis have been investigated [46] , but the molecular mechanisms underlying the process are still not well understood. Previous studies have confirmed that miRNAs play important roles in a variety of developmental processes. However, the role of miRNAs during organogenesis is poorly studied. In the present investigation, we used a high-throughput strategy to perform largescale cloning and characterization of miRNAs involved in A. crassicarpa adventitious shoot organogenesis. We identified 189 known and 7 novel miRNAs from more than 57 miRNA families, and 14 conserved and novel miRNAs were selected for analysis of expression patterns by qRT-PCR. These results provide valuable information on the molecular mechanism of organogenesis in A. crassicarpa. Furthermore, target gene prediction and GO annotation demonstrated that putative miRNA targets were involved in a broad variety of regulatory events, including molecular functions, biological processes and cellular components. According to specific stages, the expression patterns of 14 selected miRNAs were observed.
Micropropagation is an important and reliable technique for the production of large quantities of many plant species, particularly as a tool for large-scale plant breeding programs, and is used as a model system to research cell differentiation and development during organogenesis [47] . Changes in miRNA expression during plant somatic embryogenesis has been confirmed in many plants species, such as A. thaliana [48] , rice [49] , Japanese larch [50] , Valencia sweet orange [51] , Liriodendron chinense [52] , loblolly pine [53] , and longan [54] . However, the function of miRNAs during plant organogenesis is poorly studied. In order to better understand the potential modulation of miRNAs in organogenesis, we studied the expression patterns of miRNAs utilizing the A. crassicarpa organogenesis in vitro culture system described by Yao et al [18] . Combined with a bioinformatic analysis and comparison with miRNA families that are expressed during somatic embryogenesis in other plant species, the results revealed some of the important miRNAs functions related to plant regeneration. Differences in expression pattern were observed among 14 miRNAs analyzed by qRT-PCR. One group of miRNAs (AcrmiR159a, acr-miR319a, acr-miR162, and acr-miR171q) were upregulated at S3 and the expression level peaked at S4 (Figure 7 ). MiR159 is a widespread gene present in many plant and animal species [55] . As a highly conserved miRNA in the plant kingdom miR159 negatively controls gene expression by targeting mainly MYB33 and MYB65 during seed germination and floral development [56] [57] . In the present study, acr-miR159a transcripts accumulated until embryogenic callus was present at stage S3 of A. crassicarpa organogenesis, which suggested that acr-miR159a might modulate gene expression during embryogenic callus differentiation. This result is similar to the pattern observed in larch [50] and longan [54] . Acr-miR319a, which has an extremely similar sequence to that of the miR159 family, showed similar relative expression levels during A. crassicarpa organogenesis [58] . AcrmiR319a and acr-miR159, showed the same putative target (MYB transcription factors) in the regulation of organogenesis in the present study, which suggests they play similar regulatory roles. The functions of miR171 and miR162 are rarely reported. In A. thaliana, the potential target of miR171 is the scarecrow-like (SCL) gene family possessing the GRAS domain [59] , which is consistent with our findings (Table 5 ). In our study, these two miRNAs were up-regulated at S3 and S4, indicating that miR171 and miR162 might function in the embryogenic callus, which is consistent with rice somatic embryogenesis [49] . Expression of the remaining miRNAs of the first cluster, acr-miR390a and acr-miR396, was elevated at S3 then declined, but was maintained at a relatively high level from S3 to S5. MiR396 is reported to target growthregulating factor (GRF) transcription factors, performing a negative coordinating role in leaf cell proliferation of A. thaliana [60] . Overall, members of the first cluster might play regulatory roles in the embryogenic callus stages of A. crassicarpa organogenesis.
S4 is a crucial stage during A. crassicarpa organogenesis when buds are induced and began to turn green, and are ready to develop into adventitious shoots. miRNAs of the second cluster, consisting of acr-miR164a, acr-miR167a, and acr-miR168a, exhibited stage-specific expression, which indicated that they may have stage-specific functions during bud formation. These three miRNAs were expressed at low or undetectable levels at all stages except S4, during which expression peaked. In Arabidopsis, miR164 mainly controls the NAM/ATAF/CUC (NAC1) domain-transcription factor family. NAC1 is involved in transitions in auxin signalling, and facilitates growth of lateral roots [61] . CUC regulates organ separation from fasciculate buds during embryogenesis. In the present study, the same putative target (NACdomain transcription factor) implied that miR164 has the same function in A. crassicarpa. MiR168 targets the AGO1 gene, which is involved in plant development by feed-back regulation. The expression patterns of acr-miR164a and acr-miR168a were consistent with results reported for citrus after callus is cultured in the light [51] . However, our findings were inconsistent with the pattern observed in larch, in which miR168 was not expressed at a notably high level when callus began to turn green [50] . These conflicting results suggest that the function of miR168 might vary between species. Aux/IAA and ARF, the putative targets of miR167, are two important protein families that respond to auxin signal. Ru et al. [62] suggested that the high abundance of ARF8 led to the low expression level of miR167. These results imply the target of miR167 conservative property. In conclusion, this cluster of miRNAs may function in the bud formation stages and response to light in A. crassicarpa organogenesis. The important events that occur during A. crassicarpa adventitious shoot organogenesis from a zygotic embryo involve redifferentiation. In rice [49] , miR156 is important in the transition from undifferentiated to differentiated callus during somatic embryogenesis by targeting SPL genes. Zhang et al. [50] and Wu et al. [51] reported that SPL controls the somatic embryo induction process. SPL genes also have other regulatory roles in different biological processes, such as induction of the floral transition and consequent shortening of the vegetative phase [63] , and regulation of the juvenile to adult transition during plant development [64] . In the present study, acr-miR156r was accumulated at S3 while the zygotic embryo is differentiating into embryogenic callus during organogenesis. As shown in Figure 7 , the abundance of the other members of the third cluster (acrmiR166h and acr-novel2*) also increased continuously until S3,but exhibited very low or undetectable expression levels during S4-S6 and especially at S5. Given that these three miRNAs showed similar expression patterns, we hypothesize that they modulate redifferentiation during induction of organogenesis in A. crassicarpa as the fatal genes.
With regard to the fourth cluster, relatively high expression of acr-miR397 and acr-miR398 was observed. MiR397, for which a target gene of laccase is implicated, is associated with lignin biosynthesis and primary cell wall [65] [66] . The detection of miR397 and corresponding targets occurs during the regulation of lignification and thickening of the cell wall in secondary cell growth in rice, larch and citrus [49] [50] [51] . MiR398 is known to target Cu/Zn superoxide dismutases (CDSs), which are associated with stress response [43] . In the present study, the levels of acrmiR397 and acr-miR398 increase continually until S6, at which stage the expression level peaked, except for a slight decline at S4. Zygotic embryos undergo differentiation at stages S1-S3 until the formation of buds at S4, which suggests that laccase, the target gene of miR397, regulates lignification and cell wall thickness during organogenesis. The decrease in expression level of miR397 at S4, when a cluster of adventitious shoots had developed, is attributed to negative modulation of the formation of thickened cell walls for adventitious shoots.
In summary, a global analysis of miRNAs expression during A. crassicarpa adventitious shoot organogenesis was carried out. The results of a bioinformatic analysis and experimental tests revealed putative regulatory functions for the miRNAs in Acacia crassicarpa organogenesis. These findings provide important information for deep sequencing research of miRNAs and future large-scale propagation and breeding of leguminous trees. . qRT-PCR analysis of relative expression levels of selected miRNAs at six stages of Acacia crassicarpa organogenesis. The fold change in gene expression was normalized to controls (mature zygotic embryo) with the 2 2DDCT method using 5.8S rRNA as an internal standard. Templates for all miRNAs real-time PCR were 1/20 dilutions of original cDNAs reverse-transcribed from 300 ng miRNA. Each bar shows the mean of triplicate assays. doi:10.1371/journal.pone.0093438.g007
